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OUR MISSION TO PLA RTH

A Guide to Teaching Earth System Science

Introduction Volcanic eruptions, hurricanes, floods, and El Niffo are naturally occurring

events over which humans have no control. But can human activities cause

additional environmental change? Can scientists predict the global impacts

of increased levels of pollutants in the atmosphere? Will the planet warm

because increased levels of greenhouse gases, produced by the burning of

fossil fuels, trap heat and prevent it from being radiated back into space?

Will the polar ice caps melt, causing massive coastal flooding? Have

humans initiated wholesale climatic change?

These are difficult questions, with grave implications. Predicting global

change and understanding the relationships among Earth's components

have become a priority for the nation. The National Aeronautics and Space

Administration (NASA), along with many other government agencies, has ini-

tiated long-term studies of Earth's atmosphere, oceans, and land masses using

observations from satellite-, balloon-, and aircraft-borne instruments. NASA

calls its research program Mission to Planet Earth. Because NASA can place

scientific instruments far above Earth's surface, the program allows scientists

to explore Earth's components and their interactions on a global scale.

Earth as

a System

Although this program will never answer all the questions, NASA realizes

that understanding the planet will not happen by examining pieces one at

a time; it will take teams of biologists, physicists, chemists, and geologists

working together to fully understand Earth as a system. Earth Science, in

short, must be an interdisciplinary challenge. The scope of Earth Science

is sometimes limited to the study of geology and some closely allied fields,

such as oceanography. The Mission to Planet Earth calls for an interdiscipli-

nary approach including biology, chemistry, and physics.



This leadsto why NASA initiated the developmentof "Our Mission to
PlanetEarth: A Guide to TeachingEarthSystemScience." The children in
your classroomstoday could becomethe scientistsof tomorrow who will
analyze the datastreamingback to Earthvia satellite communications.
NASAwill look to their generationfor talent. Consequently,children's
exposureto the concept of Earthasa systemcannot begin too early. Evenif
your studentsdo not pursuecareersin EarthScience,they must understand
EarthSystemScience. Theycould face the challengeof trying to adaptto
global climate change.

Cycles and

Change

This teacher's guide is not meant to replace the existing curricula of your

local school jurisdiction, but rather to augment it. The primary goal is for

children to become familiar with the concept of cycles, defined as a process

that repeats itself in the same order, and to learn that some human activities

can cause changes in their environment.

It is assumed in this guide that children are already studying the basics of

Earth Science. They have learned about the planet's primary components--

its land, air, and water, and understand the role of the Sun in providing us

with energy. Although the guide addresses Earth's components, it does so

from the perspective of space to show the planet as a large system, with

interacting parts. To demonstrate on a much smaller scale how these parts

work together, children are asked to build their own Earth system, a terrari-

um, which will be used for experimentation throughout the guide. For

instance, your students observe how water evaporates due to the Sun's radi-

ation and eventually condenses to form clouds. They are exposed to the

relationship between land and water, and the topographical changes due to

erosion. Through experimentation with the terrarium, they learn about the

impact of global change on the system.

After completing these lessons, they learn how scientists use satellite tech-

nology to examine the entire planet as a whole to study global climate--the

basics of NASA's Mission to Planet Earth program. They create their own

models of instruments and satellites and learn about careers in Earth System

Science. Although some younger children may understand these concepts,

the activities are geared primarily to second and third graders. For kinder-

garten and first grade teachers, however, this should not preclude you from

incorporating some of the activities into your lessons.



Tomorrow's

Scientists,

Engineers, and
Technicians

"Our Mission to Planet Earth" is designed to reinforce basic skills. Through

hands-on activities, experiments, and discussions, students practice how to

identify, classify, organize, and recall information. They become familiar

with new vocabulary. You are encouraged to create any type of scenario--

pretending, for instance, that students are Earth scientists--to make the

lessons come to life. Above all, the program is aimed at allowing younger

people to recognize themselves as part of the Earth system.

For NASA, the challenge has been to develop a package that makes inte-

grated Earth Science compelling, understandable, and interesting to young

minds. NASA has a vested interest. The agency, after all, is depending on

your students to become the engineers, scientists, and technicians of tomor-

row, those who will build the next generation of satellites or interpret the

data and inform leaders of responsible environmental policies. While many

of your students will pursue other roles in society, an understanding of the

Earth system is still important. They could face the more daunting, long-

term challenge of trying to control or adapt to global climate change.

Our Mission to Planet Earth includes a teacher's guide and a set of seven

lithographs designed to illustrate key lessons in the package. Although

NASA has recommended specific lithographs for each unit (see "Visuals"

selection of each unit), you may use other visuals to augment the lessons.

Photographs found in magazines, newspapers and other sources work well,

as do posters and slides.





EARr.F sPA iE1
Demonstrating the View from Space

Introduction Photographs of Earth taken from space show that our planet is a single sys-

tem. When students observe Earth from this perspective, they can readily

see oceans, clouds, and continents that are lit by sunlight, the energy that

supports life on Earth. We do not know of any other planet that has water

and an atmosphere like Earth's. (However, the components alone--solids,

liquids, gases--without continuous changes in temperature, composition,

and chemistry, might not support life as we know it.) To understand the way

the Earth system works, students first must learn what these components are

and then examine ways that they interact and change. To do this, they will

build terrariums as models of Earth. Throughout these four units, students

will learn how scientists study Earth's system to understand human-induced

and natural changes.

Objectives Students will be able to:

• Identify in photographs Earth's components from space: water (oceans,

bays, rivers), land (continents), and air (atmosphere).

• Find the atmosphere in a photograph showing the limb (curved edge)

of Earth.

• Identify the Sun as the source of energy and life on Earth.

• Recognize that different-colored components absorb and reflect

sunlight differently.

Visuals • NASA Lithograph: View of Earth

• NASA Lithograph: Water is a Force of Change

• NASA Lithograph: TOPEX/Poseidon. Photo of Earth limb from space

showing Earth's atmosphere.
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Vocabulary Absorb Heat River

Atmosphere Land Soil

Cloud Ocean Sunlight

Continent Oxygen Surface

Earth Reflect Terrarium

Activities Demonstrating the View from Space.

Films, videos, and photos: Show aerial and space views of Earth to help

students understand that the air, land, and water seen in the photo are the

same as those seen from the ground; they just are seen from a different per-

spective. Ask students who have flown in airplanes or climbed to the top of

tall mountains to describe what they saw. Point to the U.S. in the photo of

Earth from Space. If they are not familiar with the U.S. map, explain that

large areas of land are visible from space and that it would take many hours

to drive by car from one area to another. Use common local trips to help

your students relate to distances.

The Sun's radiation is the source of energy for the Earth system. The heat

and light allow plants and animals to thrive. The radiation also supplies the

energy for many of the cycles among the atmosphere, oceans, and land.

Air, land, and water absorb or reflect energy differently, affecting weather

patterns, ocean currents, winds, and temperatures. Deserts and clouds

reflect a great deal of energy, while ocean surfaces and forests reflect less.

The warming of Earth's atmosphere moderates the temperatures around the

globe making it inhabitable by living things.



Materials White sand, black potting soil, and light grey gravel, three thermometers,

three clear glass bowls. (Many heat-resistant, hard, fine-grained potting

materials could work.) Be sure to use one white and one black for contrast

in absoption of energy.

Observation Demonstrating Absorption of Solar Energy.

To demonstrate the effects of solar energy on our planet, students must

learn that components of the Earth system absorb sunlight differently.

Place sand, gravel,and soil in each of the three glass bowls and insert one

of the thermometers just below the surface of each material. Leave the

containers in sunlight for several hours. White sand represents the clouds

and snow; black soil, the land (forest, green grass); and grey, the ocean or

dead grass. Ask the students to compare the temperatures to see how the

differently colored materials absorb heat.

Extra Activity Under which materials would you put ice if you wanted it to melt faster? Try it.

Lighter colors reflect more light (stay cooler); darker colors absorb more

light (get warmer). Clean white surfaces, like snow, reflect about 90% of the

light hitting them. City snow-removal crews could put dark soil on piles of

snow when they want the snow to melt faster.

Creating an Earth System Model

Introduction Students should build a small Earth environment to understand that the

components fit together, and that they interact and change. Students may

create a terrarium using animals and plants. Include a pond in the terrari-

um. The terrarium could show land, air, water, and energy. The easiest

method to control the conditions during the experiments found in the next

two lessons is to build one large group terrarium and several small ones

(up to six). Some students may choose to pick a particular environment.

One student team might work with sandy soil and cactuses, for example,

and another might fill an aquarium with tadpoles and pond plants.



Materials Terrarium. Potting soil, gravel, activated charcoal, sand, clay, rocks, and

small plants. Rectangular glass tank, watering can with a thermometer

inside. Small glass bowl to sink in the soil as a pond. Small plastic toys

loaned by the students. Optional occupants: salamanders, newts, turtles,

insects, frogs, or fish. (Fish will die in a little bowl; each one requires at least

one gallon of water, which needs to be changed regularly.) Laws govern the

capture and handling of wildlife, so check with your state, city, or federal

authorities. Several of these animals can be purchased from pet stores for as
little as five dollars.

Vocabulary Aquarium System Terrarium

Systems A "system" is a group of elements that interact and function together as a

whole. To help students understand the complexity of a "system," discuss

other systems found in their immediate environment. School, neighborhoods,

families, and local public transportation services all can be classified as systems.

Second, to help students recognize the impact of change, ask students

whether those systems ever malfunctioned. Was the bus late? Do large

snowstorms sometimes close school? Tell them that to understand how the

system works, they are going to construct their own model of an Earth system.

Later, when all the components are in the terrariums, the students can con-

duct experiments to observe how the components interact with each other.

Activity How to building the model Earth system, with several approaches to con-

struction. Students should build an unsealed terrarium (open system) unless

the teacher has experience with closed-system terrariums.



Observation Terrariums or aquariums would work best in a class that has time to watch

living things grow. A version built by the whole group might be better suited

to K and Grade 1, while team or individually built versions would work

well for Grades 2 or 3. To conduct the terrarium experiments found

throughout the guide, classes will need at least six jar-size terrariums.

Do not use terrariums containing live animals in any of the experiments.

Some of the experiments could harm the animals.

Terrarium: Part 1, Setting up the Terrariums.

(A follow-up to this experiment will be conducted in subsequent lessons.)

Use one of the terrariums or separate containers. Set up an experiment

monitoring plant growth and plant appearance in which frequency of water-

ing, water temperature, exposure to fresh air, soil, and light at the start are as

constant as possible. Select plants with different light or water requirements

and establish if they thrive under these starting conditions. Select rapid-

growing grasses or flowers and slow-growing cactuses, succulents, ferns,

etc. Note their condition and growth on a chart (see model, page 10) or in

notebooks. Later, students will experiment with the terrariums by altering

one of the components, either exposure to light or frequency of watering, to

see how changes affect the various types of plants. To teach the activity as a

more controlled experiment, set up two identical containers for each plant

variety. Allow a few days for them to stabilize, then use one as the control

and one as the experimental mini-terrarium.



Type of Plant

Terrarium Observation Chart



CES OF C HAN
Cycles: How Earth's Components

Interact within the System

Introduction A demonstration of the water cycle using a terrarium is an ideal model for

your class to observe changes that occur in the Earth system. Looking at the

whole planet, cycles include events occurring over very large areas and

long periods of time, so they are difficult to see from the surface. In the

"model Earth," events can cause immediate and dramatic changes. The

next two units use the water cycle and the effects of erosion and drought

to demonstrate the principle of cycles in the Earth system.

Cycles, like the seasons, are a natural occurrence on Earth. Earth's cycles

provide a balance to which people and nature have adapted. The water

cycle spreads life-giving water and minerals within local regions and
around the world.

Objectives Students will be able to:

• Recognize that because air, land, and water absorb and reflect sunlight

differently, they all affect the water cycle.

• Document in a notebook or on a group-produced chart a "scientific

investigation" using the terrarium. Observe, measure, and make predic-

tions about changes to the components of the terrariums.

• Name the parts of a water cycle on Earth and in the terrarium: water,

evaporation by the Sun, clouds, rain or snow (precipitation), rivers,

lakes, oceans and ice, etc.

• Describe what happens to the soil and the plants in the terrarium when

they has too much water (flood).

• Predict how too much rain might affect soils and plants on Earth.

• Describe what happens to the soil and the plants when they get sunlight

but too little water (drought).



Visuals NASA Lithograph: Water is a Force of Change

Vocabulary Cycles Erosion Moisture

Dissolve Evaporation Precipitation

Drought Global Change Water Cycle

A cycle is a sequence of events that repeats itself, such as the seasonal cycle:

summer, fall, winter, and spring. In the Earth system, the same components

interact repeatedly; the water cycle is a good example. Sunlight evaporates

water; the moisture rises into the atmosphere, where it condenses as clouds.

When the warm, moisture-laden clouds meet colder air, the temperature

drop makes the water vapor precipitate and fall to Earth as rain or snow.

On land, water soaks into the ground or flows to the oceans and lakes by

streams and rivers. This water is redistributed across Earth as water vapor,

clouds, and rivers or snow and ice.

Ocean

l

Lake

Water



Activities Demonstrating the Water Cycle.

Materials Glass or plastic to cover the terrarium, bowl or mirror, wet towel,

household iron.

Observations Terrarium: Part 2, Demonstrating the Water Cycle: Catch a Cloud.

Cover the terrarium and observe how moisture collects on the glass and

drips down the sides of the terrarium. Ask the students to guess why this

happens. You can also generate water vapor by ironing a towel or boiling

water in a covered pot. Either can represent the Sun heating Earth. Hold a

glass bowl or large mirror over the rising steam and "catch a cloud."

Demonstrating Evaporation.

Demonstrate evaporation of water from a puddle. On a sunny day, pour a

cup of water on the sidewalk. Have students draw a circle around the

perimeter with chalk. Tell them to come back in 30 minutes to see the pud-

dle. Create a smaller puddle indoors by putting drops of water on a baking

sheet. Use a hair dryer on the puddle to represent a warm, windy day when

the Sun is shining. Ask them where the water went and why.

Terrarium as a System.

Record information about the terrarium experiment on a wall chart or in

individual notebooks. Draw pictures of the different plant species both

before and after conditions are changed.

Terrarium: Part 3, Changes to the System.

Continue to track the conditions of the plants in a terrarium. To make the

terrarium climate more like Earth's, change one of the conditions (either

provide more or less water or reduce or increase the exposure to light).

Monitor each of the plants' growth under this new condition. Students

should note all changes to the plants and how much water and sunlight

they received. Plants grow long and weak and lose some of their color if

they need more light, or they wilt and dry out when they need more water.



Water

Cycle

Changes

Living things are highly dependent on the water cycle. Some creatures liv-

ing in lakes, rivers, or streams will be affected if water levels rise or fall. Too

little rain, which results in a drought, can weaken or kill plants, thus reducing

food for animals. People and animals can migrate to food and water, but if

the drought continues or spreads, eventually they will die.

Too much snow or rain, on the other hand, can drown plants or create

floods that wash away land (plant and animal habitats) and flush pesticides

and industrial chemicals into rivers. With flooding, erosion sometimes

occurs. While erosion is a natural process, careless practices by humans

can cause loss of valuable topsoil and contribute to the spreading of deserts
in the world.

Observation Terrarium: Part 4, Demonstrating Erosion.

Use the terrarium as a model of Earth to demonstrate how water can carry
materials from one place to another through erosion of soils or dissolution
of minerals.

Materials One of the terrariums, or empty jar and soil; source of tap water; bag of salt;

paper cups.

Mixing Demonstrate by pouring water onto the terrarium soil how land erodes and

destroys vegetation. The water will wash soil into the terrarium pond and

make it cloudy. Particles of dirt, sand, and small pebbles are suspended in

the water as a mixture. If the students did not build a terrarium, mix dirt

with water in a jar and stir to show how the particles are suspended when

the water is moving. You could create a canyon on a baking sheet. Fill a

shallow pan with soil. To slowly pour water on the soil, poke a hole in the

side of a Styrofoam cup half an inch from the bottom. Set the pan at a low

angle. At the high end set the cup and fill it with water. The water will trickle

out and make a small canyon in the pan.



Dissolving Water can dissolvemineralsfrom rock and soil. Forexample, mineralwater
comesfrom deep within the ground. Tell studentsto watch salt crystalsdis-
appearasthey stir a teaspoonfull into a glassof water. By tasting,compare
a glassof saltedtap water to one of plain tap water. Ask studentsif they have
everswamin theocean. Did theyswallow anywater? How did it taste?Why?

Activities Erosion/Drought.

1. Erosion Field Trip: Visit muddy creeks, ponds, river deltas, flood plains,

or hillsides plagued by erosion. Explain how water washes away soil

and then deposits it in another location.

2. Film or photograph viewing: Let the students watch films or study pic-

tures of drought-stricken farmlands to see what happens when valuable

topsoil is blown away. Show photographs from NASA Space Shuttle

flights (see lithograph "Water is a Force Changing") of soil-laden rivers

flowing into the ocean such as the mouth of the Amazon River. Photos

from space show the huge areas subjected to flooding and the large vol-

umes of water carrying soil. The color lithograph of the Nile River

Delta/Sinai Peninsula shows how the river erodes the banks and carries

soil down river. The soil is eventually deposited at the mouth of the

river, where the materials form a new land mass.



Discussion

o Impact on Human Lives: Find magazine and newspaper stories about

floods, especially those that describe the plight of individual farmers and

the efforts of volunteer sandbaggers, rescue groups, water and sewer

pump-station managers. Read the news stories to the students and ask

them to embellish them with more details and pictures. They could

invent additional family members and describe what happened to those

people, too. Create little books, like photo albums, illustrated with

drawings about these flood-time "heroes."

What problem does erosion present for farmers and for nearby waterways?

How can farmers prevent erosion? Erosion also affects forests and beaches;

what needs to be done to protect these lands?

• Erosion washes away rich topsoil--the soil in which plants grow best.

Waterways are affected by runoff of chemical fertilizers and manure.

Farmers can prevent erosion by carefully plowing their fields and planting

another crop or hay after harvest.

• Foresters should avoid clearcutting trees and replace trees that they

have logged.

• To stop beach erosion, people should maintain or plant grasses and

trees, import sand after erosion has occurred, and avoid using jetties that

trap sand in one area of the beach at the expense of another.



Unit 3

AL CHANGE
Global Environmental Impacts

Introduction To recognize the impact of human activities on the Earth system, students

should be introduced to some of the changes affecting the whole planet.

This unit illustrates examples of land-use changes and global warming and

cooling. Students' model Earth terrariums will be used to demonstrate the

greenhouse effect and the difference between global warming and cooling.

Global change is a complicated subject even for scientists. An integrated

approach to Earth science research is needed to understand how local and

regional impacts can become global-scale environmental problems.

Materials Terrarium or jar, and U. S. maps showing coasts.

Objectives The student will be able to:

• Associate global change vocabulary words with pictures of environ-

mental changes.

• Recognize that human activities are a force of global change on Earth

(desertification, disappearance of forests, air pollution, global warming).

• Demonstrate that changes to one of the components in the terrarium can

cause changes to all the components.

• As a member of a team, demonstrate how the terrarium is a greenhouse.

Visuals NASA Lithograph: Water is a Force of Change

Vocabulary Deforestation

Desert

Global warming

Greenhouse

Pollution

Rain Forest

Volcanoes



Desertsoccur naturally, but people also help to create them. In their search
for more farmland, people around the world have pushedinto areasthat
naturally supportedonly grassesand shrubs, like the Midwestern prairie.
Theseplants,with their deep root mat and/or succulent leavesand stems,
adapt to periodic drought. However,when farmersplowed under these
plants and planted food crops that dependedon greaterrainfall and richer
soil, they damagedthe area'snatural balance•

During short-termdroughts,theseill-adaptedcrops failed to hold waterand
largeareasdried out. Livestockworsenedthe situation. Confined by humans
to pastures,they overgrazedand killed the rootsof nativegrasses.When rain
did come, it washedaway the mineral-rich topsoil. The farmerseventually
moved on, leavingbehind unproductive,dry land. Thephoto of the Sinai
Peninsulain Algeriashowswhat desertslook like from space• Someof the
desertlandsin the Middle Eastwerefertile farmlandsa fewthousandyearsago.



Green-
house
Effect

In recent history, human activities have increased significantly the amount

of greenhouse gases in the atmosphere. These gases--carbon dioxide and

ozone--allow the Sun's light to pass through the atmosphere and heat the

land and oceans. They also reflect ground-generated heat that otherwise

would escape into space. A similar kind of warming happens in a green-

house or glass-covered terrarium when the glass traps heat inside. Scientists

have used computer models to predict that global temperatures could rise

as much in the next 100 years as they have over the last 18,000 years.

High and low clouds reflect and pass light differently. High, thin (cirrus)

clouds are like the glass in the jar or terrarium; they let radiation pass through,

but do not let heat out. Low, thick (stratocumulus) clouds, on the other hand,

are cooling clouds; they reflect light away before it reaches the ground.

 -lill-  f
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Observation Terrarium Observation: Part 5, The Greenhouse.

Fill a terrarium or glass jar with dark soil; place a thermometer inside; cover

the terrarium; and place it in the sunlight for one hour. Take the tempera-

ture inside the glass terrarium and compare it to the temperature of the

room. Temperatures are warmer inside the terrarium. Explain what has

happened. The air inside the glass containers represents the atmosphere,

and the dark soil, land. When the soil is heated by the sunlight, the radiat-

ed heat is trapped by the glass, creating a greenhouse effect.

Field Trip Visit a Greenhouse.

If possible on a cold sunny day, visit a local greenhouse, zoo with a jungle

habitat, botanical garden, or solar-heated atrium. Students can feel what it

is like to be inside a greenhouse. Have the students identify the life-sup-

porting components. What cycles can they identify? Ask them to compare
the greenhouse to their terrarium and to the whole Earth.

Activities Global Warming Map.

Discuss with students how a temperature change of a few degrees could

drastically change our world. If global temperatures rise, the heat would

melt glacial ice and raise sea levels (see glacier photograph in the litho-

graph, "Water is a Force of Change). What would happen to us if all the

world's coasts flooded? On a U.S. map, identify some of the coastal cities

(low-lying areas) that might be covered with water if sea levels rise. What

would happen inland to cities and farms if the climate became warmer?

Are there other ways people's lives would change due to global warming in

your area? It is okay to speculate.

Global Warming Mural.

Have students draw a picture of the places around them after global warm-

ing has taken place. Display the pictures as part of a mural on "Global

Warming." The pictures could be mounted on a map of the world.



Observation

Naturally occurring volcanic eruptions and large forest fires can impact the

Earth's system just like human-caused air pollution. These events can fill

the atmosphere with dust and darken the global "greenhouse roof," which

results in cooling. This is why scientists must study Earth as a system to

understand how the planet is changing beyond these natural events.

Terrarium: Part 6, Global Cooling.

Cover the terrarium with smoked or dirty glass or colored plastic wrap.

Place it in the sunlight and take the temperature inside the terrarium after an

hour. In the same way that volcanic dust or air pollution has a cooling

effect on the atmosphere, the temperature will not increase as much as it

did when the clear glass was used to cover the terrarium (Terrarium

Observation, Part 5).

Global Cooling.

Examine photos that show urban pollution, volcanic explosions, Amazon

basin fires, and wildland fires in the Los Angeles area. These are sources of

air pollution that have a cooling effect on Earth's atmosphere. Show photos

of the human activities that cause air pollution and fires. Discuss how peo-

ple could change their behavior and technology to prevent air pollution.





Mi
Unit 4

TO PLANETEARTH

Satellites: Observing the Whole Earth

Introduction The Mission to Planet Earth is NASA's program to determine scientifically

whether Earth's climate is changing and to assess the contribution of human

activities. Scientists are using satellite-borne instruments to measure the

interactions of the atmosphere, oceans, and solid Earth through hydrologic

and biogeochemical cycles. Scientists need data from many sources to get

a better picture of the whole system. You could compare the Mission to

Planet Earth program to other NASA programs where the agency has devel-

oped sophisticated instruments and satellites to study the environments of

other planets in our Solar System.

Satellites are particularly effective because they can cover the entire globe

every few days. They can see a whole ocean at once to study wind, tem-

peratures, and currents. Scientists use advanced computers to analyze the
data from satellites and make predictions using mathematical "models."

Models could be said to work like a computer game, but in this case, the

game simulates the Earth system. With data about how Earth works as a

system, we can understand human impacts and cooperate as nations to

make sure the planet remains healthy and life-sustaining.

Materials Scissors, cardboard, paper, string, paint or crayons, egg cartons, paper towel

and toilet paper rolls, paper or foil cupcake holders, paper plates, aluminum

foil, poster paint.

Objectives Students will be able to:

• Identify satellite components: antennae, solar arrays, and instruments to

study Earth from space.

• Associate color data images with NASA's Mission to Planet Earth program.

• Recognize that Earth's climate can be studied by a variety of professionals.
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Visuals • NASA Lithograph:

• NASA Lithograph:

• NASA Lithograph:

• NASA Lithograph:

• NASA Lithograph:

• NASA Lithograph:

• NASA Lithograph:

TOPEX/Poseidon

First Image of Global Biosphere

Viking Orbiter 1 Mars Mosaic

Sea Surface Temperature

World Cloud Cover Pattern

Water is a Force of Change

Viking Orbiter 1 Mars Mosaic

Vocabulary Computer

Data

Model

Satellite
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Earth-observing satellites observe our planet from paths called orbits, many

of which are greater than 400 miles above the ground. That distance is at

least as far as Washington, D.C. to Boston, Massachusetts. Satellites are so

high above Earth and travel so quickly that, in the right orbit, a satellite can

pass over every part of Earth once every few days. Such orbits allow satellites

to study and take pictures of all of Earth's features: land, plant life, oceans,

clouds, and polar ice. Some satellites, such as those used for weather fore-

casting, are placed in fixed orbits to look at Earth continuously.

Instruments Satellite instruments are like special cameras that see and take pictures in

different kinds of light, such as in ultraviolet (invisible energy from the Sun

that causes sunburns) and infrared (heat waves). From satellite data, we can

see farmers' fields and tell whether crops are healthy. This tells us about the

food supply. We can see the forests and tell where something is killing

trees. This tells foresters that they may need to look for blight or gypsy-
moth infestations. We can see forest fires and tell how fast the forests are

being cut down. Satellites also see clouds, hurricanes, lightning, and rain.

In addition, we can see the temperatures and movements of ocean currents.

And from the color of the oceans, we can see the abundance of tiny plants,

called phytoplankton, which are an important food source for fish.

Engineers design satellites to support instruments flown in space. Satellites

must be light enough to be carried into space on rockets, yet strong enough

to withstand the forces of launching. The materials used must handle hot

and cold temperature extremes because most satellites will pass from the

day to night side of Earth many times in 24 hours. Scientists use special

paints on the instruments to control temperature. (In Unit One we learned

that dark colors absorb solar heat and light colors reflect it.) Satellites' solar

cells extend like wings to capture solar energy and convert it into electricity.

When the satellite is on the night side of Earth, it runs on batteries that are

recharged during the day from solar energy.



Data comedown aselectronic signalsfrom satellites,and engineersand sci-
entistsconvert them into measurementsuseful to uson Earth. Forstudying
weather,scientistscreatemapsof clouds. Meteorologistscompare the satel-
lite mapsto their ground dataand learn more about weather patterns.
Scientistscompareocean-color datagatheredby a satellite to measurements
taken by oceanographerson ships showing the abundanceof phytoplank-
ton. Microwave radar signalsfrom spacearecompared to rainfall measure-
mentson Earth. Computerengineersorganize and storevastquantities of
satellite datasothat the information can besentvia computer networks to
scientistsaround the globe.

In the sameway studentsmadea terrarium asa model of Earth,scientists
usecomputersto createmodels to predict what will happen when global
changesoccur. Will the temperaturesrisebecauseof warming causedby
greenhousegases?Can we seea warming trend even if a major volcano
haserupted? A model is like a "what-if" game. When you play "what-if"
using a computer model, your prediction is basedonly on available data
and scientific principles.

Activities Demonstrating Heat Sensors.

Show students how heat-sensing instruments work by letting them hold

heat-sensitive cards (frequently given away at health fairs), "mood rings," or

aquarium thermometers. The warmer you are, the darker the color appears

on the card or ring registering your body temperature. The data in the litho-

graphs, "World Cloud Cover Pattern" and "Global Sea Surface Temperature,"

were collected during observations from satellites carrying heat-sensing or

infrared instruments.

Satellite Construction.

1. Satellite Construction: Students can make their own satellites out of

paper, cardboard, and recycled containers. Use foil or plastic wrap on a

cardboard frame for solar arrays; paper or foil plates could be antenna

dishes; aluminum foil could be a heat-resistant metallic surface.

Encourage the students to pretend that their satellites are going to

observe components of the Earth system found in their terrariums or
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aquariums. Let them use their imaginations to determine the satellite's

shape, instruments, and the equipment it will need according to what

they are going to observe. When they are finished, hang the satellites

from the ceiling with fishing line. The satellites could be "observing"

the terrariums or aquariums or their region of the country. Show students

the lithograph, "TOPEX/Poseidon." Note in the illustration its orbit and

what it is observing. Point to the solar arrays, antennae, and instruments.

Satellite Launch and Deploy: Divide the class into launch teams; let

them pick roles and dramatize a Space Shuttle or rocket launch and

satellite deploy. Use real or invented language for their missions. Each

child could bring in baseball cap. Attach the job label to the cap; later

have them try different jobs by switching labels. Such jobs are Mission

Commander, Payload Commander, Pilot, Mission Specialists, Project

Scientists, Flight Director.

Data: Scientists study Earth by taking measurements of light that we

cannot see. They assign artificial colors to represent each measurement.

It's as though you were coloring a picture, and you had to decide which

crayon to use for each part of the picture. Each child should draw and

color "data" collected by their satellites (see data map, page 29). Choose

different colors to represent each kind of measurement. For example,

the healthiest plants could be compared to the progressively more dried-

out plants. The healthy plants could be represented by reds, oranges

and yellows. Try the same color scheme to compare conditions in the

different terrariums. Look at the lithograph, "The First Image of the

Global Biosphere." These ocean data are indicated by red and orange

for high concentrations of plant life in the oceans (phytoplankton), blue

and violet for lower concentrations. On the land, forests are indicated by

all shades of the color green. Semi-arid steppes and tundra are orange,

and deserts and ice are yellow. A black and white map of Earth is

included for classes that want to try coloring global Earth data.
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Careers

Activity Mission to Planet Earth Careers.

Let students pick a career. Ask them to tell a story in the form of an auto-

biography about how their Earth science career ("what I want to be when I

grow up") could help improve knowledge of Earth or life on Earth.

Improvise a costume and tools. Find or draw pictures of the Earth compo-

nent they want to study, and ask the students to draw and color examples of

data they will obtain.

,

.

.

.

.

Atmospheric Chemist: I study the atmosphere over time to understand

what is natural and what has changed because of pollution. I take sam-

ples from aircraft or balloons, conduct laboratory experiments, and cre-

ate computer models.

Climatologist: I study weather on a big scale over a long period of

time---even centuries. I gather samples that show long-term histories,

like those taken from the bottom of the ocean or from polar ice cores. I

also study the growth rings of trees, and then I predict the future climate.

Mathematician Computer Scientist: I invent and improve computers

and programs to study data about Earth. I know how to create programs

on computers that are more complicated than computer games. I make

the work of many scientists possible by keeping all the satellite informa-

tion easy to access and understand.

Sociologist: I study people in large populations--how they live, grow

food, and manufacture things. From what I learn about large numbers

of people, I can help predict what people could do to the environment.

My work helps decision makers make policies that help prevent dam-

ages to the environment.

Ecologist: I study various forms of life on Earth and how they interact. I

go out in ships or use aircraft and satellites to measure where and how

healthy the plants and animals are in their habitats. See the lithograph,

"First Image of the Global Biosphere." We can learn from observing the

abundance of life what changes are occurring environmentally on Earth.
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Geologist/Geophysicist: I study how Earth is formed, what has hap-

pened to it since then, and what might happen to it in the future. I

study volcanoes, earthquakes, and landslides. I can study rocks and

rock formations and determine the geological history of an area.

Glaciologist: I study glaciers in the Arctic and Antarctic as well as

those formed in the tallest mountains. I study temperatures, snow accu-

mulation, and deep ice cores to understand what is happening to the

glaciers. I also use satellites and aircraft to get these data (see lithograph;

"Water is a Force of Change").

Hydrologist: I study the water cycle. I study where the water goes,

what elements it contains, and whether its chemistry has changed. My

research often is used to determine where droughts occur and why

fish populations decline.

Meteorologist: I study weather, the local short-term changes that affect

how we live every day. I use satellites and ground measurements to

predict the weather. You can see some meteorologists on television

news. See the lithographs, "World Cloud Cover Pattern" and "Water is

a Force of Change" (hurricane photograph).

Oceanographer: I study oceans and how they change. I work on ships

or in aircraft and get data from floats and satellites. See the lithograph,

"Global Sea Surface Temperature."

Volcanologist: Using ground instruments, I study volcanoes and how

they influence the climate. I use satellite and robots to gather data

when the volcanoes are active and become too dangerous to go near.

Planetologist: I study planets other than Earth. When I compare planets

like Mars, which has very little water compared to Earth, I can learn more

about what could happen to our planet. The only way I can study Mars

is by observing the planet with large telescopes or using data collected

by satellites, such as that obtained by Voyager. Compare the lithograph

of Earth from space with the litho, "Viking Orbiter 1 Mars Mosaic."



NASA Educational Resources

The Mission to Planet Earth materials below are available by writing NASA Headquarters

Education Division Code FEO-2, Washington, DC 20546.

Teacher
Guides

• "Atlas 1 Earth's Mysterious Atmosphere Teacher's Guide" (EP-282 11/91)
• "La misteriosa atmosfera de la Tierra" (EP290 3/93)

• Atlas 2 Teacher's Guide with Activities: Atmospheric Detectives

(EP285 11/92)

Lithographs • "Earth View" HQL-331

• "Nimbus-7 TOMS Images: The 8 Marches" HQL -366

• "Nimbus-7 TOMS Images: The 12 Octobers" HQL-308

• "Nimbus-7 Ocean Ice Maps" HQL-319

• "NASA and World Food Production" HQL-305

• "The Upper Atmosphere Research Satellite" HQL-207

Brochure • "NASA' s Mission to Planet Earth"

The following Mission to Planet Earth materials are available by writing Goddard Space Flight

Center, Teacher Resource Library, Code 130, Greenbelt, MD 20771

Fact Sheets • "EOS: Understanding Earth on a Global Scale"

Mission to Planet Earth series:

• "Ozone: What is it and why do we care about it?"

• "Clouds and the Energy Cycle"
• "El Niffo"

• "Global Warming"
• "Volcanoes"

• "Biosphere"
• "Polar Ice"

NASA Facts are documents that provide general information and background on NASA-related

missions, research topics and activities.



Space Shuttle Earth Observing Photography Videodisc contains approximately 91,500 still

images of the Earth taken during Space Shuttle missions from 1981-1991. The videodisc pack-

age includes the videodisc, a guide to the images, and two IBM-formatted disks containing an

image description database. The price for the package is $55 and is available from: NASA

CORE, Lorain County Joint Vocational School, 15181 Route 58 South, Oberlin, OH 44074

Recommended level: high school-adult

Teacher Resource Center Network

To make additional information available to the education community, the NASA Education

Division has created the NASA Teacher Resource Center (TRC) network. TRC contain a wealth

of information for educators: publications, reference books, slides, audio cassettes, videocas-

settes, telecture programs, computer programs, lesson plans and activities, and lists of publica-

tions available from government and nongovernment sources. Because each NASA field center

has its own areas of expertise, no two TRCs are exactly alike. Phone calls are welcome if you

are unable to visit the TRC that serves your geographic area. A list of the centers and the geo-

graphic regions they serve start on page 36.

NASA's Central Operation of Resources for Educators (CORE) was established to facilitate the

national and international distribution of NASA-produced educational materials in audiovisual for-

mat. Orders are processed for a small fee that includes the cost of the media. Send a written

request on your school letterhead for a catalogue and order forms. For more information contact:

NASA CORE

Lorain County Joint Vocational School

15181 Route 58 South

Oberlin, OH 44074

Phone: (216) 774-1051, Ext. 293 or 294

Videos • "Liftoff to Learning: The Atmosphere Below"

• "TOPEX/Poseidon: A Mission to Planet Earth" (9 minutes).

• "Mission to Planet Earth" Satellite Video Conference

April 14, 1993 ($24.00 plus $3.50 shipping)

Slide Sets "Atlas 1 : Studying Mysteries in the Earth's Atmosphere"
"Volcanoes of Hawaii and the Planets"



NASA Spacelink: An Electronic Information System

NASA Spacelink is a computer information service that individuals may access to receive news

about current NASA programs, activities, and other space-related information; historical data,

current news, lesson plans, classroom activities, and even entire publications. Although it is pri-
marily intended as a resource for teachers, anyone with a personal computer and a modem can
access the network.

Users need a computer, modem, communications software, and a long-distance telephone line

to access Spacelink. The Spacelink computer access number is (205) 895-0028. The data word

format is 8 bits, no parity, and 1 stop bit. For more information contact:

Spacelink Administrator

NASA Marshall Space Flight Center, Mail Code CA21

NASA Marshall Space Flight Center, AL 35812
Phone: (205) 544-6360

NASA Spacelink is also available through the Internet, a worldwide computer network connect-

ing a large number of educational institutions and research facilities. Callers with Internet access

may reach NASA Spacelink at any of the following addresses:

spacelin k.msfc.nasa.gov.

xsl.msfc.nasa.gov.
192.149.89.61

NASA Educational Satellite Videoconference

During the school year, NASA delivers a series of educational programs by satellite to teachers

across the country. The content of each videoconference varies, but all cover aeronautics or

space science topics of interest to the educational community. The broadcasts are interactive; a

number is flashed across the bottom of the screen, and viewers may call collect to ask questions

or to take part in the discussion. For further information contact:

Videoconference Coordinator

NASA Teaching From Space Program
300 North Cordell

Oklahoma State University

Stillwater, OK 74078-0422

Phone: (405) 744-7015

Technology and Evaluation Branch

Education Division, Code FET

NASA Headquarters

Washington, DC 20546



NASA Select Television

NASA Select Television is the Agency's distribution system for live and taped educational pro-

grams. The educational and historical programming is aimed at inspiring students to achieve,

especially in mathematics, science, and technology.

If your school's cable TV system carries NASA Select, or if your school has access to a satellite

antenna, the programs may be down-linked and videotaped. NASA Select is transmitted on

Spacenet 2, transponder 5, located at 69 degrees west with horizontal polarization, frequency

3880.0 Megahertz, audio on 6.8 Megahertz. A schedule for NASA Select is published daily on

NASA Spacelink.

For more information, contact:

NASA Select

NASA Headquarters, Code P

Washington, DC 20546

GENERAL INFORMATION FOR TEACHERS AND STUDENTS

IF YOU LIVE IN:

Alaska

Arizona

California

Hawaii

Idaho

Montana

Nevada

Oregon
Utah

Washington

Wyoming

Center Education Program Officer

Mr. Garth A. Hull

Chief, Educational Programs Branch
Mail Stop 204-12
NASA Ames Research Center

Moffett Field, CA 94035
PHONE: (415) 604-5543

Teacher Resource Cenler

NASA Teacher Resource Center

Mail Stop T12-A
NASA Ames Research Center

Moffett Field, CA 94035
PHONE: (415) 604-3574

Connecticut

Delaware

DC

Maine

Maryland
Massachusetts

New Hampshire

New Jersey
New York

Pennsylvania
Rhode Island

Vermont

Mr. Richard Crone

Educational Programs
Mail Code 130

NASA Goddard Space Flight Center
Greenbelt, MD 20771
PHONE: (301) 286-7206

NASA Teacher Resource Laboratory
Mail Code 130.3

NASA Goddard Space Flight Center
Greenbelt, MD 20771
PHONE: (301) 286-8570

Colorado

Kansas

Nebraska

New Mexico

North Dakota

Oklahoma

South Dakota

Texas

Dr. Robert W. Fitzmaurice

Center Education Program Officer
Public Affairs Office (AP-4)

NASA Johnson Space Center
Houston, TX 77058

PHONE: (713) 483-1257

NASA Teacher Resource Room

Mail Code AP-4

NASA Johnson Space Center

Houston, TX 77058
PHONE: (713) 483-8696

Florida

Georgia
Puerto Rico

Virgin Islands

Mr. Steve Dutczak

Chief, Education Services Branch

Mail Code PA-ESB

NASA Kennedy Space Center

Kennedy Space Center, FL 32899
PHONE: (407) 867-4444

NASA Educators Resource Laboratory
Mail Code ERL

NASA Kennedy Space Center

Kennedy Space Center, FL 32899
PHONE: (407) 867-4090



Kentucky
NorthCarolina
SouthCarolina
Virginia
WestVirginia

Ms.PatriciaLink
ActingCenterEducation
ProgramOfficer
MailStop400
NASA Langley Research Center

Hampton, VA 23681-0001
PHONE: (804) 864-8102

NASA Teacher Resource Center

Virginia Air and Space Museum
600 Settler's Landing Road

Hampton, VA 23669-4033
PHONE: (804) 727-0800 x 757

Illinois Minnesota

Indiana Ohio

Michigan Wisconsin

Ms. Jo Ann Charleston

Acting Chief, Office of

Educational Programs
Mail Stop 7-4
NASA Lewis Research Center

21000 Brookpark Road
Cleveland, OH 44135

PHONE: (216) 433-2957

NASA Teacher Resource Center

Mail Stop 8-1
NASA Lewis Research Center

21000 Brookpark Road
Cleveland, OH 44135
PHONE: (216) 433-2017

Alabama Louisiana

Arkansas Missouri

Iowa Tennessee

Mr. JD Home
Director, Education

Programs Office (CL-01)

NASA Marshall Space Flighl Center
Huntsville, AL 35812

PHONE: (205) 544-1 913

NASA Teacher Resource Center for

Marshall Space Flight Center

U.S. Space and Rocket Center
P.O. Box 070015

Huntsville, AL 35807-7015

PHONE: (205) 544-5812

Mississippi Dr. David Powe

Manager, Educational Programs

Mail Stop MA00

NASA John C. Stennis Space Center
Stennis Space Center, MS 39529
PHONE: (601)688-1107

NASA Teacher Resource Center

Building 1200

NASA John C. Stennis Space Center

Stennis Space Center, MS 39529
PHONE: (601) 688-3338

The Jet Propulsion Laboratory (JPL)

serves inquiries related to space
and planetary exploration and other

JPL activities.

Dr. Fred Shair

Manager, Educational Affairs Office
Mail Code 183-900

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, CA 91109
PHONE: (818) 354-8251

NASA Teacher Resource Center

JPL Educational Outreach

Mail Stop CS-530

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, CA 91109
PHONE: (81 8) 354-691 6

California (mainly cities near

Dryden Flight Research Facility)
NASA Dryden Flight Research Facility
Public Affairs Office (Trl. 42)
NASA Teacher Resource Center

Edwards, CA 93523
PHONE: (805) 258-3456

Virginia and Maryland's
Eastern Shores

Wallops Flight Facility

Education Complex - Visitor Center

Building J-17
Wallops Island, VA 23337

PHONE: (804) 824-2297 / 2298



Notes






